We report the discovery of three new triple-mode classical Cepheids in the Large Magellanic Cloud, two of which with the fundamental, first overtone and second overtone excited, and one pulsating simultaneously in the first three overtones. Thus, the number of triple-mode Cepheids in the LMC is increased to five. We also present two objects belonging probably to a new type of double-mode Cepheids having the first and third overtones excited. We measure the rates of period change in these stars and detect decreasing of the periods in two of them, what is in conflict with theoretical predictions.
Introduction
Classical Cepheids pulsating simultaneously in three radial modes are extremely rare objects. Only four triple-mode Cepheids and δ Sct stars are known in the Galaxy: AC And (Fitch and Szeidl 1976), V823 Cas (Antipin 1997) , V829 Aql (Handler et al. 1998) and recently discovered GSC 762-110 (Wils et al. 2008) . All these stars have fundamental (F), first (1O) and second (2O) overtone modes excited. The first two objects have fundamental-mode periods around 0.7 days and can be recognized as classical Cepheids (though some controversy about this classifications exists), while two other triple-mode pulsators can be classified as δ Sct stars, because their longest periods are below 0.3 days. Moskalik et al. (2004) used OGLE-II photometry (Soszyński et al. 2000) to discover two Cepheids in the Large Magellanic Cloud (LMC) pulsating simultaneously in the first, second and third overtones. These stars were theoretically analyzed by Moskalik and Dziembowski (2005) , who concluded that they must be on the first crossing of the instability strip. Triple-mode pulsators are very useful in studies of stellar interiors, because three periods strictly constrain the stellar parameters (e.g., Kovács and Buchler 1994 , Moskalik and Dziembowski 2005 , Jurcsik et al. 2006 . Periods are those observables, that can be measured with very high precision, independently of the interstellar extinction and photometric calibration.
Here, we report the discovery of three triple-mode Cepheids in the LMC, two of which pulsate in the fundamental mode, first and second overtones, and one of the same type as discovered by Moskalik et al. (2004) , i.e., with the first three overtones excited. We also show a new class of double mode Cepheidsstars oscillating simultaneously in the first and the third overtones.
Observational Data
The photometry used in this study was obtained in a course of the third phase of the Optical Gravitational Lensing Experiment (OGLE-III) with the Warsaw Telescope at Las Campanas Observatory, Chile (operated by Carnegie Institution of Washington). Typically about 380 Cousin's I-band observations per star were collected between 2001 and 2008 for 116 fields covering about 40 square degrees in the LMC. For three objects (LMC111.2 38564, LMC161.6 14207 and LMC169.8 75460) OGLE-II data were available, what increased the number of points to 800-900 per star, collected within 12 years. In addition a few dozen observations in Johnson's V waveband were done to obtain the (V − I) color information. Detailed description of the data reduction, photometric calibration and astrometric transformations of the OGLE-III data can be found in Udalski et al. (2008) .
Search for Multiperiodic Cepheids
We searched for multiperiodicity in our sample of more than 3300 classical Cepheids in the LMC (Soszyński et al. 2008 , in preparation) using standard procedure. Each light curve was folded with the primary pulsational period and a Fourier series of an order depending on the shape and scatter of the light curve was fitted. The number of harmonics of the Fourier decomposition was adjusted to minimize the χ 2 per one degree of freedom. Then, the fitted function was subtracted from the light curve and the period searching was carried out on the residual data. This procedure was repeated twice.
That way we found a considerable number of 264 double-mode Cepheids of both types: F/1O and 1O/2O. Among bimodal variables we also found interesting objects with ratios of periods inconsistent with well known values for double-mode Cepheids, for example significant number of stars with period ratios close to 1 (corresponding to non-radial pulsations), or in the range 0.60-0.63 (of unknown origin). All these objects will be published in the first part of the OGLE-III Catalog of Variable Stars presenting classical Cepheids in the LMC.
A special attention was devoted to the selection of triple-mode Cepheids. We searched for additional variability all double mode Cepheids in our list. First, we prewhitened the light curves with two pulsational periods and detrended the data by fitting and subtracting splines. Then, we checked the residual data of every double-mode Cepheid, looking for independent periodicities which may correspond to additional radial mode of pulsation. All the stars with proper position in the Petersen diagram (a plot of period ratios vs. longer periods) were visually inspected and five likely candidates for triple-mode Cepheids were selected. All these objects were found in the list of 1O/2O double-mode Cepheids. For each of them the first overtone mode dominates in the power spectrum. For two of these variables the period ratios identify the new periodicities as a funda- mental modes of radial pulsations, while three remaining objects are 1O/2O/3O triple-mode Cepheids. From the latter group only one object -LMC179.4 33340 -is a new identification; two other stars were detected by Moskalik et al. (2004) in the OGLE-II dataset. Tables 1 and 2 Fig. 4 . Power spectra and light curves of 1O/3O double-mode Cepheid LMC123.1 270. Two upper panels show power spectra for the original data and after subtracting the primary periodicity, respectively. Bottom panels display light curves folded with the primary and secondary periodicities after prewhitening with the other period.
trum obtained for the original data, the next panel contains periodogram after removing the primary periodicity (it is always the first overtone mode) and the lower spectrum is obtained with data after prewhitening with the primary and secondary frequencies and their linear combinations. Three panels below the spectra show the light curves folded with the primary, secondary and tertiary periods, but, in each case, after subtracting the other two modes and their harmonics. Photometry and finding charts of the stars presented in this paper can be found in Soszyński et al. (2008, in preparation) . Then, we inspected the double-periodic Cepheids with unusual period ratios. We paid attention for two objects with periods and period ratios almost the same as for the first and the third overtones in the triple-mode Cepheids, i.e., P 3 /P 1 = 0.677. Their position in the Petersen diagram was practically the same as for P 1 and P 3 periods of triple mode pulsators, but we detected no significant frequency corresponding to the second overtone. We recognize these two stars 
Discussion
The advantage of studying variable stars in the Magellanic Clouds is that they can be easily placed in the period-luminosity (PL) diagrams, what makes the variability type classification easier. All the stars presented in this paper have the primary periods corresponding to the pulsation in the first overtone and they match the PL sequence of classical Cepheids in the V and I-band domains as well as in the logP -W I plane, where W I =I −1.55(V −I) is the reddening-free Wesenheit index.
The dominant periods and period ratios point that LMC111.2 38564 is of the same class of variable stars as Galactic AC And and V823 Cas, i.e., pulsator with the three lowest radial modes excited. Since the LMC111.2 38564 is a classical Cepheid, it should break the discussion about the status of the Galactic triple mode pulsators. In the literature AC And and/or V823 Cas have been classified as RR Lyr stars (Fitch and Szeidl 1976, Peña et al. 2006) , analogs of δ Sct stars (Kovács and Buchler 1994) , or a completely new class of variable stars (Rodríguez 2002) . In fact, the fundamental-mode periods of these stars fall in the gap between classical Cepheids and High Amplitude δ Sct (HADS) stars. However, our sample of pulsating stars in the LMC shows no such gap for the first-overtone variables. Thus, it is rather a question of convention what period will be chosen to distinguish between HADS and classical Cepheids. In the OGLE-III Catalog of Variable Stars we adopted the limiting period equal to P 1 = 0.24 days for the first overtone mode, what keeps our triple-mode variables (and AC And and V823 Cas) on the Cepheid side.
LMC117.6 37124 is the candidate for "long period" triple-mode Cepheid with the three lowest modes excited, but the third (fundamental mode) periodicity is of a marginal significance. The multiperiodicity of this star requires confirmation with more accurate photometric data. We emphasize that among our double mode Cepheids we detected more stars with very weak additional periodic signal which may correspond to the radial mode of pulsation. This suggests that asteroseismology of classical Cepheids would yield new interesting information from dedicated precise photometric surveys.
Three Cepheids with 1O, 2O and 3O modes excited constitute very homogeneous group, with similar periods, luminosities and shapes of the light curves. 1O/3O double-mode Cepheids seem to belong to the same class, because they occupy the same, very narrow, region in the Petersen diagram. The only difference between these two groups is the lack or existence of the second overtone mode. Moskalik and Dziembowski (2005) analyzed two triple-mode Cepheids in the LMC comparing their observed periods with those predicted from the pulsational models. They concluded that both triple-mode Cepheids must be on the first crossing of the instability strip. This result imply considerable rate of period change expected for these stars, since the evolution on the Hertzsprung gap is very fast.
We made an attempt to measure the rate of period change in all the stars presented in this paper. To increase the time baseline of the photometry we merged OGLE photometry with publicly available data from the MACHO project † . After removing outlying points we scaled amplitudes and shifted zero points of the MACHO R M photometric measurements to obtain the same values as for the OGLE I-band data. Then, the two datasets were merged resulting in light curves covering time span of more than 16 years (from 1992 to 2008).
The search for secular period changes was performed with two methods. In the first method, we folded data of each star using trial periods P and period change ratesṖ and we fitted the Fourier series with the same number of harmonics as in the period searching procedure (minimizing the χ 2 per degree of freedom). Then, using simplex method, we found the values of P andṖ that minimize the scatter around the fit to the folded light curves. In the second method, we constructed O−C diagrams for each star. We used an iterative procedure based on the measurements of the phase shifts of the fitted mean light curve relative to the chunks of data consisting of at least 10 observing points from the same observing seasons. Then, the parabola was fitted to the O−C diagram what gave us the ephemeris with quadratic component. Details of both algorithms will be described by Poleski et al. (2008, in preparation) .
We tested only the first overtone periods, because the other modes have much lower amplitudes and consequently theṖ are determined with much larger errors. Both methods produced very similar period change rates for each star, what ensured us that the procedures are reliable. Only for two Cepheids we obtained theṖ significantly different than zero. In both cases we measured the decrease of periods: for 1O/2O/3O triple mode Cepheid LMC179.4 33340 we foundṖ /P = −2.7 ± 0.3 Myr −1 and for 1O/3O double-mode LMC123.1 270: P /P =−1.5±0.5 Myr −1 . These values are in clear disagreement with the period change rates predicted by Moskalik and Dziembowski (2005) for the first crossing of the instability strip. However, these measurements disagree also with the hypothesis that these stars are in the second crossing (if it is possible at all for stars of that type), because the period changes are too fast. We conclude that the observed changes of periods have probably other than evolutionary reason.
